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SUMMARY 

Tha alfacta of aftarburnar light-off and shut-down tranalanta on tha coaipraaaor atablllty ar- tnvas- 
tigatad. Tha raportad experimental raaulta ara baaad on datallad hlgh-raaponaa praaaura and taaiparatura 
measurements on tha TF30-P-3 turbofan angina. Tha taata were performed In an altltuda taat chamber elmu- 
latlng high-alt ltuda angina oparatlon. It la shown that during both typoa of tranalanta, flow braaka down 
In tha forward part of tha fan-bypaaa duct. At a aufflclantly low angina lnlat praaaura thla raaultad In 
a compressor atall. Coaplata flow braakdown within tha coapraaaor waa pracadad by a rotating atall. At 
aoaa locatlona In tha coapraaaor, rotating atall calla Initially axtandad only through part of tha blada 
apan. For tha ahutdown tranalant tha t 1 m batwaan flrat and laat datactad occurranea of rotating atall la 
ralatad to tha flow Kaynolda nuiobar. An attempt waa nada to daduca tha numbar and apaad of propagation of 
rotating atall calla. 


INTRODUCTION 

Thla paper deacrlbaa tha alp.ilflcant faaturea of the flow field In the TF30-P-3 engine during after- 
burner tranalanta, Including the hlatory of coaipraaaor atall. In a turbofan engine praaaura wavaa origi- 
nating aa a result of alther afterburner Ignition or ahut-down tranalanta can propagate upatreaa through 
the fan-bypara duct and ultimately cauae an lnatablllty In the compreeaor ayatea Prevlouaiy reported 
raaulta on tie TF30-P-1 afterburner performance and engine operating llmlta. Ref. 1, Indicated that 
aftarburnar tranalanta reatrlct appreciably the atall-free engine operating envelope at a simulated 
flight Mr*!, number of l.A. Tha raportad preaeure hlatorlae throughout tha angina during aftarburnar 
tranalanta, furthermore. Indicated fairly large praaaura fluctuatlona In the vicinity of the apllUer 
ring whld .eparatea tha compreseor-core flow from tha fan-bypaaa flow. Thla Investigation la an attempt 
to relate hate phenomena to the engine Internal flow field during tranalant operation by conalderlng 
additional experimental data. 

Additional Information la alao provided concerning the sequence of evanta within the compreaeor sys- 
tem leading to atall. Aalde from pr aiding documentation on an angina operational atall, Information of 
thla type la of a more general Internet. For example, thaaa proceaaea alao control engine raaponee char- 
actariatlce under time-variant lnlat flow diatortlon. 

The lnveatlgatlon waa conducted In tha altltuda test facility over a range of simulated altitudes 
from 14.) to 17.) km (47 )70 37 41) ft) and « flight Mach number of 1.1. These experimental results 

ara baaad on hlgh-raaponaa pt.asure and temperature data. 

APPARATUS AND PROCEDURE 
Engine 

Figure 1 Illustrates tha engine and associated lnlat ducting. Also indicated in the figure are tha 
locations of Instrumentation planes. The engine compressor aystem consists of a three-stage fan and a 
six-stage low-pressure compressor mounted on tha cornson shaft, and a seven-stage high-pressure compressor 
mounted on a separata shaft. Tha flow at tha fan axlt Is divided by means of a short splitter ring Into 
tha compreseor-cora and tha fan-bypaas streams. Tha Military saa-laval static compressor pressure ratio 
is 17:1 with a bypass ratio of 1:1. A single-stage turbine drives the high-pressure compressor and a 
three-stage turbine drives the fan and the low-pressure compressor. 

Afterburner 

The fuel In tha afterburne- ‘ttroduced through seven fuel spray rings divided Into five tones. 

The fuel schedule for the afterbL . la integrated with tha exhaust notxle aria control. During after- 
burner Ignition transient the noxxls area la opened In steps following the consacutlva introduction of 
fuel Into the five fuel spray tunas. Exhaust notxle is opened In order to compensate for the pressure 
Increase In tha afterburner due tu combustion. Tha total time for the Ignition transient Is about 
8.) seconds. Afterburner shutdown Is accomplished mc:h faster; total time la about 2 seconds. No stag- 
ing of fuel flow or the exhaust notxle area la used In this transient. Aa a result of the control sched- 
ule and the dynamic characteristics of the exhaust noxxla control, during both transients the pressure 
In the afterburner Initially Increases. Additional Information relating to afterburner design and the 
control schedule la given In Ref. 1. 

Instrumentation 

The axial location of Instrumentation planes Is Indicated In Fig. 1. Where two numbers are used to 
designate a station, the second nuxSer Indicates the stage; i.e., station 2.3 la located behind the 
third fan stage. Stages are numbered consecutively starting with the first fan stage and ending with the 
last stage In tha high pressure compressor. Addition of the l-itter F to tha station number Indicates 
that a particular station la located In fan-bypeas duct. The exact positions of all of the hlgh-response 
pressure transducers used In the Investigation are Indicated In Tobin I. The angles were measured in the 
direction of engine rotation, l.a., clockwise facing upstream. Zero degrees corresponded to the 
12 o'clock position. Since all static pressures were measured at the outer wall of the passage (passage 




height 100 percent ) , the first two numbers are eotflclent to describe the poelcton of each etatlc preaeure 
transducer. For a total preaeure tranaducer, It la alao necessary to specify lta radial poaltlon ualng 
the fourth coIum. It la aeen that the smaller the mnAer In thla coluaut, the cloaer the tranaducer la to 
the outer wall. Thua, for example, 2-108 lapllea duct-wall atatlc preaeure measurement at the engine In- 
let 108 degreea froa the 12 o'clock poaltlon; and 1-118-1 lapllea total preaeure aeaeureaent at thr low- 
preaeure exit 118 degreea froa the 12 o'clock poaltlon at a apanvlee poaltlon cloaeat to the tip wall. 

The dealgn of the preaeure probea, their reeponee charac terlat lea , and calibration proredurea are 
dlacuaaed In det'.il In kete, 2 and 1. In general, the frequency reaponae waa about 100 Hx with maxlaua 
amplitude erroi of t3 percent. Teapereture waa aeaaured ualng 0.0076 ca (0.001 In.) Oiromel-Alumel bare 
wire theraocouple probea. Locatlona of theraocouplea uaed In the analyaea are given In Table II. The 
tlae conetant for theee probea waa typically of the order of 0.010 eecond. The high reaponae preaeure 
data were recorded on a magnetic tape and, alaultanaoualy , on a hlgh-apeed dlgltlxer-recorder. Tempera- 
ture data were recorded only on the digital recorder, tdtlch waa operated at a aaapllng rate of 20 aaaplea 
per eecond per channel. The analyele of the coapreeaor atall hletory waa performed by dlgltltlng and 
converting to engineering unite the preaeure data recorded on the aagnatlc tape. 


Suaaary of Teat Condltlone 

Figure 2 llluetratee teat condltlona for each teat point for which hlgh-apeed data were available. 

The alaulatad flight Mach nuaber waa l.JltO.Ol. The flight altitude waa calculated aeeualng Mach number 
1.31 and aaaualng Inlet preaeure recovery of 0.983. Alao Indicated In the figure are the atall buundarlee 
for each type of transient. On Ignition, l.e. , throttle movement from Military to Maximum, atall occurred 
when the Reynolds number Index dropped below 0.21. For throttle excurelon from Maximum to Military, the 
critical Reynold a number Index waa about 0.34. The detailed analyele of hlgh-reaponae data will be pre- 
aanted only for one teat point, point 23; however, a Nummary of atall hlatory will be alao preaented for 
the other four atall ;.ir.ta Indicated In Fig. 2. Detailed reaulta were alao obtained for polnta 23 and 28 
which are aeen to be Just outalde of the reapcctlve atall reglona. However, only qualitative conclualona 
baaed on theae reaulta will be praaented. 

internal Flow Characteriatlca During Ignition Tranalent 

Examination of atall preeaure tracea for polnta 23 and 24 and of the detailed afterburner echrlolr 
(Fef. 1) indicatea that atall on ignition tranalent occura v*en fuel la being introduced Into the Zone 1 
primary circuit. Therefore, the deecrlptlon of the internal flow field will be confined to thla part of 
the ignition tranalent. The preaeure tracea during the tranalent for point 23 are preaented In Fig. 3. 
Preaeure hlatorlea In the fan-bypaaa duct and afterburner are Included In Flga. 3(a) to (c). Moat of the 
remaining preaeurea are given In Flga. 3(d) and (e), reapectlvely , for the left and right aldea of the 
engine. In theae two flgurea, the abaolute preaeurea are plotted In the aame order aa they appear In the 
engine atartlng with the engine Inlet atatlon 2 at the bottom and terminating with compreeaor atatlona 
3,12 cr 4 at the top. A different preaeure ecale la uaed for higher preaeure levela atartlng with sta- 
tion 2.6. Whenever available, a neighboring atatlc preaeure la plotted next to a total preeaure trace In 
order to provide an Indication of the magnitude of velocity at a particular atatlon. Static and total 
preaeurea are differentiated In Fig. 3 by ualng different line aymbola and by the nomenclature defined In 
Table l. 

The atatlc preaeure rlae at station 8 In the afeerburner, Fig. 3(a), la due to the Ignition proceae. 
This pressure rise Is closely followed by a atatlc pressure rise In the fan dues at station 4F. However, 
at the fan exit, station 2.3F, total pressure falls to rise. In fact, It la seen i..,t the total pressure 
at 111 degrees following Ignition drops below the static pressure at 124 degrees, Indicating a flow 
breakdown In this part of the fan duct. Only discrete points are available for static pressure at 124 de- 
grees since It was only recorded on the high-speed digital recorder. Figure 3(b) Indicate that the meas- 
ured value of total pressure at 111 degrees Is fairly uniform at all spanwlse positions. Aa a further 
Indication of a complicated asymmetric flow pattern present In the fan bypass-duct and afterburner. 

Fig. 3(c) Illustrates that there exists a static pressure Imbalance between right and left sides at ata- 
tlon 8. Also Included In thla figure Is the static pressure trace at station 9, which Is located at the 
afterburner exit. 

Evidence of an asymmetric flow pattern can also be observed by coeiparlng total pressure traces at 
station 2.3 on the left and right sides of the engine, Flga. 3(d) and (e). On the left side, the total 
pressure Is about equal to the static pressure In the bypass duct aa Indicated in Fig. 3(a). However, 
total pressure on the right side at 2.3-83-1 does not reach this level; Instead, a large amplitude oscil- 
lation la seen to develop at this location. It should be noted that pressure transducer 2.3-83-1 Is lo- 
cated directly under th* splitter. Taking Into account the large static pressure difference between by- 
pass and core streams on this side of the engine, Figs. 3(a) and (e) , the moat likely c.tuse for the oscil- 
lation at 2.3-83-1 la flow separation under the aplltter. Figure 3(f) Indicates that the total pressure 
oscillation at 2.3-83 la much smaller close to the hub, although the total pressure level Is about the 
same. Although there was no Instrumentation on the left aide of the engine z r station 2.3F, the Indi- 
cated total pressure level on the left side of the engine at station 2.3 ruggests '.hat the flow breakdown 
at 2.3F occurs only on the right side. 

Since this transient involves wave-propagation phenomena, it is of Interest to relate the properties 
of the observed compression wave In the bypass duct to a one-dimcnslonal discontinuous wave calculated 
assuming quasi-steady conservation equations. The pressure ratio for zero flow velocity behind the com- 
pression wave Is given by: 
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where Indira* 1 and 2 talar to th# condition* ahead of and behind th* wav*, raapact Ively. For Hj • 0.24, 
corresponding to the pracranalent Mach number at atatlon 2. IF, the preeeure ratio la 1.1*. Ai least dot- 
ing the Initial preeeur* rlaa between 0.015 and 0.015 seconds In Fig. 1(a), thU pressure ratio la not at- 
caedad. The eatlnated value frum th* figure I* about 1.12. The difference, bow* vs r . 1* rot a large one 
ao that even o < tlw has la of this alnpllflad approach on* night aspect anas conpltc it Iona In the flow 
structure In the byrasa duct. 


Analyal* of Praaaur* History During (tall 

In this sac’ Ion stall praaaur* traces presented In Fig. 1 will b* analysed. (A sunnary of tl. stall 
history for otb r point* will b* presented In another auction.) In h* conpreaaor stability analyal* 
rotating stall la frequently encounter* It la characterised by appearance of either a periodic deprrs- 
alon or a periodic peak In a praaaur* l .a. It* tins of occurrence will ba assumed to correspond to 
eithar a naalnun or a nlnlaaue pressure, since in this way arbitrariness associated with deternlnlng the 
point at which pressure starts rising or falling is avoided. It should b* noted that th* pressure puls* 
Indicated In Fig. 3(d) In th* trac* ).12-2bR-l at ..ut 0.040 sac does not appear to h» related to th- 
phenomena Investigated hsra. This type of pressure puls* was also noticed prior to afterburner Ignition. 
Th* tine period was about 0.070 ascend. Similar oscillations war* also noticed In th* naln turner static 
prassura trac*. 


Perhaps the no at noticeable event preceding couplet* fliw breakdown (abrupt stall) at stout 0.12. **< 

Is a spiked depression at locsMon 2.1-85-1 at 0.111 sec, Fig. 1(a). At about the aaar tie., preaeure 

■Inina are observed *. locations 1-118-1 erl 1.12-82-2 which ate closely aligned In aslal direction (l.c , 
their circumferential orient* Ion la about th* saw), Since these depressions In tucal pressure traces 
appear to ba periodic. It le believed that they are due to rotating atall. Comparing total praaaur* 
traces 1-118-1, 1-118-1, arid 1-262-2 In Fig*. 1(d) and (a), It can b* aaan that stall at th* low preeeur. 
conpreaaor csft la Initially confined to the hub portion of th* blade epan. Although not Included, pres- 
aure trac* 1-118-2 was alao examined; It too did not Indicate praaanr* of atall. Referring to the total 
praaaur* trace* 2.1-65-1, 2.1-265-2, and 5-118-1, It la aaan that rot'tlng atall Is present at both, In- 
let and exit of the low preeeur* compressor; however, there la no lnd'catlon of stall in th* bin's tip 

trac* at 2.6-86-1. It la likely therefore, that stall at this location la alao confined to tha blade hub 

region. In view of this evidence. It le apparent that for th* early detection of rotating stall It Is 
essential to place total pressure lnstru--ntatlon at different spsnwla* positions. 

In order to daterialnc periodicity and tha spaed of propagation of the rotating stall, the angular 
positions of stall call* are plotted In Fig. 4. (Soma points In thla plot were offset fir clarity; their 
actual portion* ar* Indicated by using pointers.) In addition to the already mentioned locations, stall 
Is ballaved to ba detected at locations 2.3-111 and 3.12-268-1, so that these points are Included In the 
figure. Aa Indicated In Fig. 4, two diametrically opposed rotating stall calls (A and B> war* assumed. 

Th* slops of tha .in* faired through the points Indicates that th* speed of propagation of thaa* two 
calls la 39 percent of low rotor speed. Thla la fairly close to tha range of 43 to 57 percent reported 
In R»f. 4 for multistage compressors. It la Interesting to not* that follwlng the abrupt etall, rotating 
atall could b* detected throughout tha compressor with the spaed of propagation of about 40 to 45 percent 
of low rotor speed. If points tu Fig. 4 ware plotted assuming only on* rotating atall call, th* resulting 
spaed of propagation would be about 70 to 80 percent of low rotor speed. Only one atall call a< 2.3-263-2 
la seen to complete one lull revolution. Coincident with Ita second appearance, at 0.125 i.c, abrupt 
stall la Initiated. It extends axially throughout th* left aid* of tha engine, Fig. 3(d). Initiation of 
sbiup' stall or. 'he right aide, aa seen In Fig. 3(a), occur* about 3 millisecond* rarllar. Again, abrup' 
stall la Initiated almost simultaneously at axially aligned locations. In the hlgh-preaaut* compressor, 
abrupt stall La Initiated by a sudden drop In total presaur* to a level approximately equal to the value 
of static pressure. In the low pressure stages, abrupt atall la Initiated by a steep pressure rise fol- 
lowed lnmwdlately by a prssaurc drop. It appears that th* abrupt stall represents s (Insl stage of In 
stability, whereas rotating atall represents a mechanism by means of which Instability la propagated 
throughout the compressor system. It can alao b* observed In Fig. l(e, that a compression wave resembling 
In appearance and strength th* engina-lnlct hammershock la detected only behind the first rotor. This 
supports the previously nude observation (Raf. 5) that th* strength of tha hamnrrshocli la not related to 
overall compressor pressure ratio, being primarily a function of engine Inlet Mach number. Hare and In 
tlu subsaquent discussion, the tern hammershock will be used to denote a compression wave of shout the 
magnitude necessary to stop tha flow (Raf. 5) and should not be confused with ssuill pressure spikes which 
sometlmea appear before tha abiupt stall. 


Analysis of Temperature Data 


Because of relatively low thermocouple dynamic response, temperature date cannot be used for stall 
analysis; however, they can ba used In conjunction with pleasure data for the purpose of constructing the 
flow pattern during pre- and post-stall periods. Temperature historic for the Ignition transient, 
point 23, are presented In Fig. 5. Since temperatures were recorded ou the digital recorder, they were 
available only #v*r> 0.05 sac. In Fig. 5, the discrete points wars connected by straight lines. The time 
scales In Figs, j ,rj 5 arc different. The point In time when peak temperature la reached at several lo- 
cations In r ig. 5 (point C) corresponds to 0.134 sac In Fig. 3. Therefore, It appears that thla tempera- 
ture ties occur* ax s result of stall. 


In order to a.ialyxe the temperature plot* In Fig. 5. It 1* Instructive to compute total temperature 
rl e acroas s discontinuous compression wave. 0n> e again, .w> -d 1 mer s i ona 1 ; is- t -t. te.i i . ■ • rvst . ^ [(.W 

equations can be used to derive the foliating expression for • .» total temperature ratio: 
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This expression »•** derived without any restriction on rh* Vhlnd th# wave. For a pressure 

ratio of 1.32 e.tlmated from Fig. 3(a) and a value jf M • 0.24, tii. i emperature ratio from chi* ex- 




preaslon la about 1.07. In F lg. 1, the temperature ratio prior to alail at atatlon 2.1F, Ig/T*. ia at 
aoat 1.0)7. Although tha difference la algnlf leant, It la aaan that thla eqiatlon duea yield a correct 
order of aiagnltude for tha temperature diffaranca due to coaipreaalon. Referring to poet-stall presaura 
hiatorlea In Fig*. )(a) and (d). It la alao apparent that ataap teaperature rlaa observed In Fig. 5 be- 
t aan polnta h and C cannot be due to compression, and therefore, mu at be due to convective notion 
cauaed by tha ravaraa flow during the poat-etall period. The peak teaperature at station 2. If la aoaa- 
w..(t lower than tha peak teaperature at the aaaa circuaf arentlal poaltlon at atatlon 2.). It appear*, 
therefore, that the poat-etall teaperature rlaa at 2, IF la due to the flow froa the coapreeaor core Into 
the bypaaa duct. Figure )(a) Indicate* that at thla tine, l.a. , 0.1)4 eec , the flow direction la poaltlve 
at 2. IF. It la elgnlflcant to note that froa the analyaia of teaperature data there la no Indication of 
Ingeatlon of afterburner eahauat Raaea at atatton 2. IF In either pre- or poat-etall period. 

Teaperaturea were plotted at twn radial poaltlona In Fig. 1 In order to llluatrate variation* In 
teaperature at each atatlon. It la aeen that elgnlflcant radial teaperature difference exlata at eta- 
tlona J and 4 prior to etall. Teaperature* are higher it the hub at atatlon ), which 1* In qualitative 
agreement with higher preaaurea at the hub at thla location noted in Fig. )(d). It ahould be noted that 
In Fig. 5, correction* for thermocouple dyn ale reaponae, radiation, and recovery were not applied. It 
la eatlaated, however, that the** correction* would not change In a elgnlflcant way the reported temoera- 
ture plota. 

Reaulta for Additional Teat Point* 

In thla aactlon, a auanaty of reaulta will be preaented for ignition tranalent point 24 (Fig. 2), 
three afterburner * hut -down tranalent*, 21, 22, and 27, and two translsnta, point* 2) and 28, which did 
not reeult In atall. The eaaentlal feature* of the flow field In the bypaaa duct for point 24 are the 
name a* noted prevloualy for point 2), l.e. , following Ignition, total preaaure on the right aide of the 
engine at 2.)F drop* below the atatlc pressure level and a large-amplitude oaclllatlon develop* at 
2.3-85-1. However, aoae difference* ct. e obaerved In the atall hlatory which la auamarla ed In Fig. 6. 
The moat algnlf leant difference la that in Fig. 6 rotating atall 1* correlated by aaauming only on* atall 
call. The apeed of propagation la 41 percent of low rotor apeed , which la very cloae to rhe value of 
39 percent obtained from Fig. 4, where twn rotating atall call* were aaaumad. The dlatlnetlon between 
rotating and abrupt atall la not an clear In thla caae. At about 0.117 aec , coincident with the lent 
group of polnta In Fig. 6, there la a very ateep preaaure rlae at location 2.1-282-3. At thla timr, 
etall la very atrong or the left aide. There la only partial recovery from rotating atall In the high 
pre* ure compreaaor, yet the complete flow breakdown on thla aide of the engine doe* not take place prior 
to 0,122 aec, and on the right prior to 0.120 ijc. The temperature plota for thla point are quite almllar 
to ti >** for point 2). 

•, iu preatall hlatory of the afterburner ahutdown tranalent la In many reapecta almllar to preatall 
hlatot of the Ignition tranalent. Static preaaure Imbalance of almllar magnitude develop* In the after- 
burner t atatlon 8; total proaaure drop* below the atatlc praaaur* at 2 . IF— 1 11; and large fluctuation* 

In tola preaaure are obaerved under the aplitter. Preceding the formation of rotating atall, a drop In 
total pt taure at 2.3-81-1 could be detected In all three caae*. It 1* more pronounced for point* 21 
and 22 wl ch correapond to l«er Reynolda number lndlce*. Static at d total preaaure trace* under the 
aplitter , e preaented for point 21 in Fig. 7 and a aunanary of atall hlatory la given In Fig. 8(a). It 
can be ib* ved from these figure* that rotating atall 1* Initiated under the aplitter as a alngle cell. 
Sobaequentl. another atall cell la Initiated In the low preaaure compreaaor. Similarly a* for point 2 4, 
a very atron. rotating atall throughout the compreaaor (at about 0.137 aer In Fig. 7) 1* coincident with 

a ateep prea* e spike at 2.3-111 which Indicate* complete breakdown of flow at this location. 

Rotating a. 11 hiatorlea for point* 22 and 27 are given, reaped lvaly , In Flga. h(b) and (c). There 
la evidence of ti atall pattern* in both although In Fig. 8(c) the second atall cell appear* only once, 
juat before the cl <pt stall. The abrupt etalla for these two points are obsei”vd fl.at on on* aide of 
the engine and with two to three millisecond* on the other aid*. Comparing '.lots In Fig*. 8(a) to (c), 
the moat significant Ifference appears to be In the time Interval between tht f;r»: and last occurrence 
of rotating atall, 1, 'a considerably longer for point 21 for which the Reynolda number Index la the 

Iwsat (Fig. 2). It Is toted that dependence r this time on Reynolds number la closely related to the 

particular transient. K example, for the Ignition transients 23 and 24, Reynold* number Indices were 
liwer than for point 21, although the time Intervals between first and last occurrence of rotating atall 
are shorter for these two test points (Flga. 4, b, and 8(a)). Rotating stall apeed for teat point 21 1* 
about 38 percent of low rotor speed and for polnta 22 and 27 1( 1* about 3b perce . t of low rotor speed. 

The additional evidence preaented In this section, particularly for teat points 21 and 24 (Fig*. 8(a) 
and 6), Indicates that atall appear* first In the region under the splitter. It la nut c aar, however, 
whether atall origin la In the la*, two fan-hub stages or In the first few stages In the low pressure 
compressor. Rotating atall la propagated through the low preaaure compreaaor first and then through the 
high preaaure compressor. Abrupt etall la Initiated usually within 10 millisecond* of the aipea'ance of 
rotating stall In the high preaaure compressor. 

Temperature plota were also obtained for transients 21, 22, and 27. Again, there va* no evidence of 
Ingeatlon of afterburner exhaust gases *ito the bypass duct. In addition, pressure and temperature 
traces were examined for two polnta juat to the right of the respective atall boundaries In Fig. 2, 1.*., 
points 25 and 28. All essential ; eatures of the internal f 1 erne field prior to stall described for each 
tranalent could alao be noted for these two polnta. For example, Fig. 9 illustrate* preaaure history 
under the splitter during afterburner Ignition for point 25. It la apparent, therefore, that flow re- 
versal at .nation 2.3F as well as flow separation under the splitter do not necessarily lead to com- 
pressor stall. A necessary condition Is that Reynolds number Index be sufficiently low. The only tem- 
perature rlae noted at station 2.3F waa due to compression wave. It la significant to note that there 
was no Indication of rotating stall for these two point*. It appears, therefore, that rotating stall In 
the operating range cloae to Military necessarily leads to a complete flow breakdown. This Is In contrast 
with the low apeed operating range where rotating atall can be maintained without severe degradation of 
performance. 












I 




I 




J 


CONCLUDING REMARKS 

1. At a ilwlitad high alt. ida and a flight Mach number of 1.1 flow breaks down In lha bypass duct 
at t ha fan dlacharga aa a raault of aftarburnar Ignition and shutdmm tranalanta. Thla occura only on oiu 
alda of tha angina and la alwaya followad by a larga total praaaura fluctuation undar I ho core-bypass 
splitter I'ng on tha taw alda. 

2. Coaproaaor atall occura during tha Ignition tranalant whan angina lnlat Reynolds number lnde* 
drop* ba low 0.21, and du'lng tha abut -down tranalant dim tha Raynolda mirier tnda* dropa below 0.J4. 

1. Complata coaproaaor atall waa alwaya preceded by a rotating atall. Notating atall waa not de- 
tactad during althar tranalant outside raapactlva at ability boundar.aa. 

A. Rotating atall la Boat frequently datactad flrat undar tha apllttar, and laat In tha high praaaura 
coopraaaor. 

4. Rotating atall at tha aalt of low praaaura compressor orlglnataa at tha hub. 

6. Conalatant raaulta on tha spaad of propagation of tha rotating atall could only bo obtained by 
aeeunlng a two-call rotating atall pattrrn In four out of tha five caeca analyied. Tha epoed of propaga- 
tion of tha rotating atall waa found to ba between lb and 41 percent of low rotor apead. 

7. The tine Interval between flrat and laat datactad occurrence of rotating atall varied between 
17 and 40 nllllaeconde. For the ahut-down tranalant thla tine depends on tha Raynolda nunber Index. 

8. Poat-atall hawser chock could ba datactad behind tha flrat fan rotor, but theca waa no Indication 
of haoaaerahock at any of tha downatraan atatlona. 
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Figure I. * Engine installation on instrumentation stations. 
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Figure 2. * Dependence of stall/ no- stall boundaries on 
Reynolds number index during afterburner transients. 
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Figure 4. - Rotating stall his 
tory during throttle move- 
ment from Military to Max- 
imum for test point 23. 
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Figure 5. - Total temperature histories during stall for test point 23. 
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Figure 6. - Rotating stall history during throt- 
tle movement from Military to Maximum for 
test :/Oint 24. 
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Figure 7. - Pressure histories at station 2. 3 for test point 21. Throttle movement from 
Maximum to Military. 
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Figure 8. - Rotating stall history during throttle 
movement from Military to Maximum. 
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Figure 8. - Rotating stall history during throttle move- 
ment from Military to Maximum. 
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Figure 9. - Pressure history under the splitter for test point 25. 
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